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Lab Project 10

Frequency-Shift Keying and the Phase-Locked Loop

Purpose

To observe frequency-shift keying (FSK) in the time and frequency domain.

To become familiar with the operation of a phase-locked loop.

To use a phase-locked loop as an FSK demodulator.

Equipment
Agilent 33250A Function Generator

Agilent 54625 Oscilloscope

Tektronix 7L5 Spectrum Analyzer

Agilent E3631A Power Supply

LM565C Phase-Locked Loop

resistors

capacitors

Background
1.
Frequency-shift keying is a digital signaling technique in which a pulse of carrier is transmitted for each bit.  There are two signaling frequencies, one representing a “one” and one representing a “zero.”  FSK is a popular modulation technique that is particularly useful when intersymbol interference is not a primary concern.  It has an advantage over on-off keying in that some kind of signal is always being transmitted.  This makes it easy for the receiver to distinguish between a long string of zeros (an idle line, for example) and a dead line.

2.
A phase-locked loop is a tunable oscillator that is connected in a feedback loop so that it can tune itself(!) to match the frequency of an input signal.  Phase-locked loops are used in synchronization circuits, in frequency synthesizers, and in FSK demodulators.


Fig. 1 is a block diagram of a phase-locked loop.  The numbers refer to pins on the


Figure 1.  Block Diagram of a Phase-Locked Loop


LM565C phase-locked loop chip.  There are three main system components.  The phase comparator produces an output voltage that is proportional to the phase difference between the input signal and the voltage-controlled oscillator (VCO) signal.  In feedback systems terminology, this voltage would be called the “error voltage.”  One peculiarity of the LM565C implementation is that the error voltage is zero when the input and VCO signals differ in phase by exactly 90 degrees.  The loop filter determines the “capture (pull-in) range” of the phase-locked loop and also the transient response when an FSK signal changes frequency.  The loop filter in the LM565C consists of an internal 3.6 k( resistor and several external resistors and capacitors.  The loop filter also has the job of removing an unwanted second harmonic of the input signal that the phase comparator produces as a by-product.  The VCO is an oscillator whose frequency is determined by the voltage at its control input.  The “free running” VCO frequency (f0) is set by an external timing resistor and timing capacitor.  In a phase-locked loop the VCO control voltage is taken from the output of the loop filter.


In normal operation any frequency difference between the input signal and the VCO will generate a voltage at the phase comparator output.  This voltage, after “smoothing” by the loop filter, is applied to the VCO control input.  The polarity of the error voltage is such that it causes the VCO frequency to change to match the input signal frequency.  Once in lock, the VCO can actually track changes in the input frequency, as long as these changes are not too great.

Prelab
Refer to the LM565C specification sheet that is posted in the class folder.  A number of useful formulas can be found under Applications Information on the last page.

1.
Free Running Frequency.  Locate the formula for VCO free running frequency.  Select values for the timing resistor R0 and capacitor C0 so that the free running frequency is close to 100 kHz.  Refer also to the graph “VCO Frequency” under “Typical Performance Characteristics.”  Be advised, however, that the frequencies shown on the horizontal axis of this graph seem to be in error by one decade.  Also, experience has shown that it is helpful to choose a value for R0 greater than 1 k(.

2.
Hold-In Range.  Once the loop is in lock, the VCO will track changes in the input frequency over the hold-in range.  Locate the formula for hold-in range fH.  Calculate the value.  The parameter “Vc” will be 12 V, as we will be using (6 V power supplies.

Procedure
1.
Phase-Locked Loop. 

A.
Wire up the phase-locked loop as shown in Fig. 2.


Figure 2.  Phase-Locked Loop FSK Demodulator


Set the AG33250A Function Generator to produce a square wave switching between 0.5 V and -0.5 V at 100 kHz.  Apply the square wave to the phase-locked loop input.

B.
Verify that the loop is in lock.  How do you do this?  Display on the oscilloscope the input signal from the AG33250A and the VCO output from pin 4 of the LM565C.  Trigger the scope on the rising edge of the signal from the AG33250A.  The loop is in lock if both traces show square waves at the same frequency, and if both traces are stable.  If the loop is not in lock, adjust the frequency of the AG33250A until lock is achieved.


Next adjust the AG33250A to the loop’s free running frequency f0.  How can you tell when you’re there?  When the input frequency is f0, the two traces on the scope will differ in phase by exactly 90 degrees.  Record the value of f0, and compare with the design value from the prelab.

C.
Determine the hold-in range and the capture range of the phase-locked loop.  To do this, slowly increase the input frequency until the loop drops out of lock.  The frequency at which the loop loses lock is fHu.  Next slowly decrease the frequency until the loop reacquires lock.  (Beware of locking onto harmonics of the input signal.  The two traces on the screen must be at the same frequency!)  Lock is reacquired at fCu.  Now slowly decrease the input frequency until the loop loses lock again.  This frequency is fHl.  Finally, increase the frequency until lock is reacquired.  This occurs at frequency fCl.  The hold-in range is fHu - fHl.  An estimate of the capture range is fCu - fCl.  You should find that the capture range is significantly smaller than the hold-in range.  Compare the hold-in range with the value you predicted in the prelab.

2.
Frequency-Shift Keying.

A.
Change the frequency of the AG33250A Function Generator to 95 kHz.  Then set up the AG33250A to produce an FSK signal.  Set the “hop frequency” to 105 kHz, set the “FSK rate” to 1 kHz, and make sure the “modulation source” is Internal.
B.
Observe the FSK signal from the AG33250A on the oscilloscope.  You should find that a) it is difficult to obtain a stable display on the scope, and b) it is difficult to see the FSK.

C.
Observe the FSK signal on the spectrum analyzer.  Set the “dot frequency” to 100 kHz, and the “frequency span/div” to 2 kHz/div or 5 kHz/div.  Sketch the spectrum in your notebook.  Observe what happens when you vary the hop frequency and when you vary the FSK rate.  Estimate the bandwidth of the FSK signal from the spectrum analyzer display.  For this measurement define “bandwidth” to include any spectral components that are within 30 dB of the largest spectral components.  How does this bandwidth compare with the bandwidth of a PSK signal using the same square-wave modulation?  (Recall your results from Lab 9.)
3.
Demodulating FSK.

A.
Apply the FSK signal from the AG33250A to the input of the phase-locked loop.  Disable the modulation and verify that the loop is in lock.  Adjust the frequency of the AG33250A if necessary to the free running frequency of the loop.  Re-enable the FSK.  Make sure the frequency and the hop frequency are respectively 5 kHz below and above the free-running frequency.  

B.
Observe the demodulated output from pin 7 of the LM565C on the oscilloscope.  To see the waveform you will have to AC couple the scope and expand the vertical scale.  It will also help if you trigger the scope externally from the Sync output on the AG33250A.  Record the demodulated waveform in your notebook.  Note particularly any overshoot or ringing and any second harmonic of the carrier that is still present.  An improved loop filter would do a better job with both of these imperfections.  Observe what happens as you vary the hop frequency and when you vary the FSK rate.

Report

Do not hand in your lab notebook at the end of the laboratory session.  Instead, have your instructor initial your notebook before you leave.  Do not leave the lab without having your notebook initialed!
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